Abstract-This paper derives the performance equation of the differential calibration algorithm using the time differences of arrival (TDOA) and the frequency differences of arrival (FDOA) with calibration sources when the positions and velocities of the receivers have random errors. By comparing the performance with the Cramé r-Rao lower bound (CRLB), it proves that the ability of the differential calibration algorithm to restrain these errors depends heavily on the parameters of the calibration sources. Then the influences of their amount, positions and measurement accuracy to the location accuracy are discussed. Simulations corroborate the theoretical results in this paper.
I. INTRODUCTION
Passive source location has been deeply discussed due to its wide use in various applications including radar, sonar and sensor networks. The focuses of these research efforts are mainly on two points. One is to find optimal methods of solving the equations established under different location scenarios [1] - [3] . The other is to analyze the performance of some practical location systems and restrain the drawbacks which degrade the accuracy [4] - [7] . The study of this paper belongs to the latter.
The performance of several location systems, such as locating the unknown emitter by moving receivers or via non-cooperative receivers, depends heavily on the availability of accurate receiver location parameters. Ref. [5] investigated the loss in the time differences of arrival (TDOA) and the frequency differences of arrival (FDOA) based location accuracy when the available receiver positions and velocities have random errors. By explicitly taking the statistics of the receiver location errors into account, it developed an improved closed-form algorithm which can achieve the Cramé r-Rao lower bound (CRLB) accuracy for far-field emitters under Gaussian distributed noise. Ref. [6] and [7] investigated the differential calibration algorithm for satellite uplink signal location in the presence of satellite location errors.
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measurements with a single calibration source could not be always effective to restrain the receiver position error. The fatal factor lies in the position of the calibration source. Furthermore, [6] and [7] showed through simulations that the amount and the positions of the calibration sources played a very important role on the performance of the algorithms they proposed. This paper extends the work in [6] - [8] and derives the explicit performance equation to analyze the effect of the differential calibration algorithms for receiver location error restraint. The opinion of performance gain over the original CRLB accuracy without any calibration source is first proposed to measure the effect of receiver location error restraint in this paper. The contents of this paper are organized as follows. Section II formulates the problem. Section III presents the performance analysis of the differential calibration algorithm. Section IV provides the simulations and section V concludes the paper.
II. LOCATION MODEL

A. TDOA and FDOA Measurement Equations
Consider the passive location scenario shown in Fig. 1 
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where 1, 2, , 1 kN  , c and  are the propagation speed and the wavelength of the signal respectively. 
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are column vectors with all one and all zero elements respectively.
III. DIFFERENTIAL CALIBRATION ALGORITHM
Some additive system errors in practical location systems, such as the time errors and the frequency errors existing in different receivers, can be removed by differential calibration obviously. In this section, we will investigate the ability of differential calibration to restrain the receiver location errors.
A. Algorithm
As described in section II, we represent the noisy locations of the receivers by the vector 
Ĵ is the sample of the Jacobian matrix Applying the best linear unbiased estimator (BLUE) [9] of Θ from (7) yields the best location accuracy for differential calibration which can be represented as
where
.
B. Performance Equation
Using the method similar to [8] , we can get the Fisher matrix F under the location scenario as shown in Fig. 1 .
where (8) and taking the inverse of (8) yield [10] in (11) yields
Thus, d F can be represented as 
If c Q is positive definite, the second term in (18) is positive semi-definite too.
Substituting
C. Performance Analysis Taking the inverse of (17) and (18) [10] yields
Because the second terms in (20) and (21) Equation (21) shows the use of calibration sources will not degrade the original location accuracy. If calibration sources are used properly, they will provide performance gain. And their amount, positions and measurement statistics will influence the quantity of the gain.
Though the location accuracy of differential calibration will not be better than () CRLB θ , (19) shows it could be worse than () s CRLB θ under some circumstances where the positions and measurement statistics of calibration sources are badly designed. The reason lies in the subtraction operation shown in (6) which mixes the effects from the unknown emitter, the receivers and the calibration sources together.
Substituting J and d Q in (8) yields
The upper left 66  block of (23) is 11 cov( ) ( ) 
Substituting (29) in (28) yields
where From the above analysis of differential calibration, we can conclude that improperly located calibration sources and large noise powers of TDOA and FDOA degrade the location accuracy. And the degradation could be so severe as to get a worse estimator of the unknown emitter than that without calibration sources.
IV. SIMULATIONS
In this section, we shall show through simulations how the location accuracy are influenced by the parameters of the calibration sources. The trend of CRLB G over the calibration source position is in Fig. 3 , where the performance gain CRLB G is defined In the second simulation, we investigate the influence of the accuracy of the TDOA and FDOA measurements from the calibration sources to the location accuracy.
The calibration source locates at 1 
B. Two-Dimensional Location Scenario with Multiple
Calibration Sources In the third simulation, we investigate the influence of the amount of the calibration sources to the location accuracy. The statistics of the TDOA and FDOA measurements from the unknown emitter and the calibration sources are the same as those in the first simulation. Fig. 6 and Fig. 7 show the trends of the location accuracy over the receiver location errors. The velocity noise power By use of the calibration source c 1 selected in the second simulation according to Fig. 2 , differential calibration provides performance gain at large receiver location errors. Though the gain increases along with the increase of the calibration source number, the increment between j sources and j+1 sources becomes less as j becomes larger.
Differential calibration fails to provide performance gain when the receiver location errors are small. The threshold depresses as the calibration source number increases. For example, it is 12dB  for one calibration source and 16dB  for two sources as is shown in Fig. 6 . The other two calibration sources used in the third simulation are located at In the fourth simulation, we compare the location accuracy of these three calibration sources with that of arbitrary distributed ones located at 4 From Fig. 10 , we can see that the first choice of 1 c is important because the optimal position makes it easy to select the second one. Repeat the above operation and compute dc G with three calibration sources. Fig. 11 shows the trends of the location accuracy over the third calibration source position. Fig. 11 shows that the location accuracy increases with less increment than the former. Select a possible position in Fig. 11 and we get three calibration sources used in the third simulation.
